for the HF-ACTION Investigators* Background-Heart Failure: A Controlled Trial Investigating Outcomes of Exercise Training (HF-ACTION) assigned 2331 outpatients with medically stable heart failure to exercise training or usual care. We compared medical resource use and costs incurred by these patients during follow-up. Methods and Results-Extensive data on medical resource use and hospital bills were collected throughout the trial for estimates of direct medical costs. Intervention costs were estimated using patient-level trial data, administrative records, and published unit costs. Mean follow-up was 2.5 years. There were 2297 hospitalizations in the exercise group and 2332 in the usual care group (Pϭ0.92). The mean number of inpatient days was 13.6 (standard deviation [SD], 27.0) in the exercise group and 15.0 (SD, 31.4) in the usual care group (Pϭ0.23). Other measures of resource use were similar between groups, except for trends indicating that fewer patients in the exercise group underwent high-cost inpatient procedures. Total direct medical costs per participant were an estimated $50 857 (SD, $81 488) in the exercise group and $56 177 (SD, $92 749) in the usual care group (95% confidence interval for the difference, $Ϫ12 755 to $1547; Pϭ0.10). The direct cost of exercise training was an estimated $1006 (SD, $337). Patient time costs were an estimated $5018 (SD, $4600). Conclusions-The cost of exercise training was relatively low for the health care system, but patients incurred significant time costs. In this economic evaluation, there was little systematic benefit in terms of overall medical resource use with this intervention. Clinical Trial Registration-URL: http://www.clinicaltrials.gov. Unique identifier: NCT00047437. (Circ Cardiovasc Qual Outcomes. 2010;3:374-381.) The online-only Data Supplement is available at http://circoutcomes.ahajournals.org/cgi/content/full/CIRCOUTCOMES.109.907287/DC1.
M ore than 4 million Medicare beneficiaries have a diagnosis of heart failure. 1 After hospitalization for heart failure, approximately 1 in 4 patients are readmitted within 30 days and two thirds are readmitted within 1 year. 1 Postdischarge mortality rate is 10% at 30 days, 22% at 1 year, and 42% at 5 years. 2 In 2009, total direct costs of heart failure in the United States will be an estimated $33.7 billion, of which approximately 60% will be attributable to inpatient care. 3 Lower-cost interventions that improve outcomes and quality of life among patients with heart failure could help to mitigate the upward trend in health care expenditures.
Heart Failure: A Controlled Trial Investigating Outcomes of Exercise Training (HF-ACTION) was a multicenter study of exercise training plus usual care versus usual care alone in medically stable outpatients with heart failure and reduced ejection fraction. The trial randomly assigned 1159 patients to 36 supervised sessions of exercise training followed by homebased exercise, in addition to usual care, and 1172 patients to usual care alone. In the first 3 months, the exercise training group had statistically significant but modest improvements in walk distance, exercise time, peak oxygen consumption, and self-reported health status. 4 During a mean follow-up of 2.5 years, 65% of patients in the exercise training group and 68% in the usual care group died or were hospitalized for any reason. 5 After adjustment for highly prognostic baseline characteristics, exercise training was associated with modest significant reductions in all-cause mortality or all-cause hospitalization and cardiovascular mortality or heart failure hospitalization. Exercise training had nonsignificant effects on cardiovascular mortality or cardiovascular hospitalization.
Although the clinical benefits of exercise training in HF-ACTION were modest, the hazard ratios represented the timing of first events and did not fully reflect the experiences of patients over time. Furthermore, the exercise regimen required a cost commitment by health care payers and a time commitment by patients. Because health care resources and patients' time are limited, a wise investment is one in which the value of benefits realized with an intervention is commensurate with or exceeds the time and resources required. A secondary objective of HF-ACTION was to test the hypothesis that exercise training would be economically attractive (ie, cost-saving or a reasonable value). Therefore, we estimated the costs of exercise training and the cumulative medical resource use and costs incurred by patients enrolled in HF-ACTION from the societal perspective. We also calculated the cost-effectiveness of exercise training observed during the trial. 
WHAT IS KNOWN

Methods
The design of HF-ACTION has been described previously. 6 Eligible patients had left ventricular ejection fraction (LVEF) of Յ35% and New York Heart Association class II to IV symptoms. Patients were randomly assigned to either exercise training plus usual care or usual care alone, and both groups received approximately 30 minutes of education from a nurse and printed materials to promote selfmanagement of heart failure, including a recommendation of 30 minutes of moderate-intensity activity on most days of the week. 7
Exercise Training
Patients in the exercise training group were prescribed a regimen of 36 supervised exercise training sessions with a goal of 3 sessions per week over 12 weeks. After the first 18 sessions, patients were to begin transition to home-based exercise with a goal of 5 sessions per week. Home exercise equipment (ie, heart rate monitor and either stationary bicycle or treadmill) was provided to patients in the exercise training group. During supervised training, the duration of time spent exercising was recorded, exclusive of warm-up and cool-down.
Data Collection
Patients in both groups were scheduled for study visits every 3 months for the first 24 months, then once every 12 months thereafter, with a maximum follow-up of 4 years. At the 3-month, 12-month, and 24-month visits, patients were to undergo cardiopulmonary exercise testing and a 6-minute walk test, the latter of which was also to be performed at the 36-month and final visits. Patients in both groups were also to receive "monitoring" telephone calls every 2 weeks for the first 9 months, then monthly until 24 months, and quarterly calls thereafter. Time spent on home exercise by patients in the exercise training group was to be recorded in adherence logs completed quarterly through 24 months, then at the 36-month and final visits. The EQ-5D, a 5-item questionnaire used to obtain utility weights for use in cost-effectiveness analysis, was completed by patients quarterly through the first year of follow-up, then annually and at the final visit. 8 In addition, detailed information on medical resource use was collected from patients and verified through available sources. These resources included 27 types of medication, urgent and nonurgent outpatient visits and procedures, days of home intravenous therapy, days in skilled nursing facilities and rehabilitation centers, and inpatient care, including admission and discharge dates, reason for admission, cardiac procedures, and discharge destination. For patients enrolled at US sites, hospital billing data were collected for inpatient admissions and urgent care provided in emergency departments and observation units.
A time survey was developed to obtain estimates of patient travel time and the time exercise trainers (eg, exercise physiologists, nurses) spent before and after each session on activities with patients (eg, scheduling, warm-up) and without patients (eg, cleaning equipment, documentation) from 9 sites. These sites were also asked to report the number of patients supervised during each training session. Patients also reported the number of miles they lived from the exercise facility.
The institutional review board of the Duke University Health System approved this study. All patients provided written informed consent.
Cost Estimation of Medical Resources
In accordance with standard methods for economic evaluation in health care, 9 we valued costs from the societal perspective and reported costs in 2008 US dollars. We discounted costs incurred beyond the first year of follow-up at 3% per annum. Professional fees for inpatient services, outpatient visits, and inpatient and outpatient procedures were based on the 2008 Medicare Physician Fee Schedule. Medication costs were based on average wholesale prices and estimated duration of treatment. 10 Costs for skilled nursing and rehabilitative care were based on Medicare reimbursement rates. 11, 12 Costs for home intravenous therapy were derived from drug costs 11 and government reimbursement rates. 11, 13 We converted hospital charges to costs by multiplying department-level cost-to-charge ratios from each hospital's annual Medicare cost report and department-specific charges. We applied the same method to estimate costs of care in emergency departments and observation units. When bills for these visits were not available, we applied median cost estimates from available bills.
To impute costs for the 815 (17.6%) hospitalizations for which complete hospital bills were not available, we multiplied the median daily costs from available bills for 47 categories representing the primary reason for admission by the length of stay. To avoid overestimating costs when patients were hospitalized for procedures characterized by high costs and short lengths of stay (see Table 1 ), we modified this method. When the length of stay for an individual admission was longer than the median length of stay associated with the procedure, we estimated costs by assigning the median cost estimate. For each additional day beyond the median, we applied the daily cost for a heart failure admission ($1202).
Protocol-Driven Costs
We also assigned costs to educational resources, tests, procedures, and study visits required by the protocol. Although both study groups incurred these costs, we included them in the analysis to better reflect the total costs required to achieve the levels of adherence and monitoring observed in HF-ACTION.
Exercise Training
From the perspective of the health care system, direct costs for supervised exercise training include personnel and fixed facility costs. Direct costs for home-based exercise include equipment costs and the costs of personnel for "monitoring" calls (assumed to last 15 minutes) to promote adherence. The Appendix shows the unit costs and assumptions we applied in the cost calculations. The time exercise trainers spent on each session represents the time before and after each session plus the time each patient spent exercising.
We conducted sensitivity analyses of the impact of study assumptions on the direct costs of supervised exercise training. First, instead of the salary of an exercise physiologist, we applied the salary of a registered nurse. Second, we used a "top-down" cost-estimation approach in which we assigned the average 2008 reimbursement rate for cardiac rehabilitation ($36.21) to each exercise session instead of our cost estimate. 14 Finally, we varied the number of patients simultaneously supervised by one trainer and the fixed cost applied to each session.
Patient Time
Recommendations for economic evaluations in health care also call for estimation of patients' time-related costs. 9, 15 For supervised exercise sessions, these costs included travel time, time with the trainer before and after exercise, and time spent exercising; the latter component varied across sessions and patients. For home exercise, time was limited to the reported time spent exercising.
Cost-Effectiveness Analysis
We estimated the cost-effectiveness of exercise training by calculating the ratio of the difference in mean costs between the exercise training and usual care groups to the difference in mean qualityadjusted life-years (QALYs). 9 To estimate QALYs, we used utility weights from the United States 16 derived from the EQ-5D from baseline through the final visit to calculate the area under the quality-adjusted survival curve using the trapezoidal rule. For patients who died, we extrapolated the most recent EQ-5D score to zero on the death date. In other cases with missing data, we applied the patient's most recent utility score.
Statistical Analysis
We used 2 tests to compare proportions. Using generalized estimating equations, we compared counts of medical resource use by applying log links and negative binomial distributions and we compared costs by applying log links and gamma distributions. In adjusted comparisons of total costs, we included the 5 prognostic variables included in the adjusted analyses of the clinical end points 5 (ie, duration of cardiopulmonary exercise testing, LVEF, Beck Depression Inventory II score, history of atrial fibrillation or flutter, and heart failure etiology) plus the number of hospitalizations during the 6-month period before random assignment. We used nonparametric bootstrapping to calculate bias-adjusted 95% confidence intervals (CIs) for differences in costs and QALYs and their joint distributions. 17 We used SAS version 9.1 (SAS Institute Inc, Cary, NC) for all statistical analyses.
Results
From April 2003 through February 2007, 2331 patients were enrolled at 82 sites in the United States (nϭ2068), Canada (nϭ188), and France (nϭ75). Median age at baseline was 59 years, 28% were women, and 40% were racial/ethnic minorities. Median follow-up was 2.5 years in both groups.
Resource Use
A total of 4629 hospitalizations occurred during the follow-up period: 2297 in the exercise training group and 2332 in the usual care group (Pϭ0.92). Figure 1 shows the cumulative number of all-cause and heart failure hospitalizations. The mean number of inpatient days was 13.6 (standard deviation [SD], 27.0) in the exercise training group and 15.0 (SD, 31.4) in the usual care group (Pϭ0.23). Table 1 shows the proportions of patients who underwent inpatient cardiac procedures. Significantly fewer patients in the exercise training group received an implantable cardioverterdefibrillator (ICD), pacemaker, combination ICD/pacemaker, biventricular pacemaker, or cardiac resynchronization therapy (Pϭ0.03). However, among patients who received an ICD, pacemaker or biventricular pacemaker before or during the study, the proportions were similar (Pϭ0.73). Fewer patients in the exercise group underwent heart transplantation or placement of a left ventricular assist device (LVAD). Table 2 shows the mean number of urgent and nonurgent care visits during follow-up. Urgent care visits were similar between groups. Patients in the exercise training group had significantly more nonurgent care visits to specialists other than cardiologists or orthopedic surgeons and to primary care physicians, compared with patients in the usual care group. Other medical resource use was similar between the groups on average but varied considerably across patients. Table 3 shows that mean direct medical costs, excluding the cost of exercise training, were $5320 lower in the exercise group compared with the usual care group (95% CI for the difference, $Ϫ12 755 to $1547; Pϭ0.10). This difference was attributable to lower mean costs for inpatient care. Although relatively few patients underwent high-cost inpatient procedures, median inpatient costs were $2720 lower in the exercise training group than in the usual care group (95% CI for the difference, $Ϫ5551 to $2).
Direct Medical Costs
Exercise Training Costs
In 1104 responses to the 9-site time survey, the mean number of patients supervised during each training session was 1.7 (SD, 1.0). Trainers reported spending a total of 35 minutes on nonexercise activities for each session, representing the sum of 4 median estimates of time before and after each session with and without patients.
On average, patients completed 32.7 (SD, 12.7) supervised exercise sessions representing 17.1 (SD, 7.9) hours of exercise. When including time before and after each session, exercise trainers spent an average of 36.0 (SD, 14.8) hours per patient (assuming a 1:1 patient-to-trainer ratio) and patients spent an average of 52.8 (SD, 21.2) hours including travel time. In the base-case analysis with a patient-to-trainer ratio of 1.7 and the salary of an exercise physiologist, the direct total cost of supervised exercise training was an estimated $632 per patient ($588 for personnel and $44 for facility costs). Mean patient time costs for supervised exercise training were an estimated $1045 per patient. Figure 2 shows the results of the sensitivity analyses. Costs decreased as the patient-to-trainer ratio increased, but the relationship was not linear because facility costs remained constant. At a ratio of 1.7, the estimated cost with a nurse's salary ($1009) was closer to the cost derived from the top-down method of $1183 (SD, $457) per patient. When hourly fixed facility costs 
Total Costs
Total costs in the exercise training group, including direct medical costs and intervention costs, were an estimated $51 863, approximately $4300 lower than in the usual care group (95% CI for the difference, $Ϫ11 690 to $2631; Pϭ0. 19) . Adjustment for baseline differences in prognostic variables and previous hospitalizations narrowed the difference in expected total costs be-tween groups to $2636 ($52 917 in the exercise training group and $55 553 in the usual care group; Pϭ0.43). With the inclusion of patient time costs and out-of-pocket costs for travel and parking, total costs in the exercise training group increased to $57 338, $1161 higher than the usual care group (95% CI for the difference, $Ϫ6205 to $8404; Pϭ0.73 without adjustment; Pϭ0.36 with adjustment).
Cost-Effectiveness
Among patients who completed the EQ-5D at baseline, mean undiscounted QALYs were an estimated 2.02 (SD, 1.00) among 1150 patients in the exercise training group, compared with 1.99 (SD, 1.01) among 1158 patients in the usual care group (95% CI for the difference, Ϫ0.06 to 0.11). Figure 3 shows a scatterplot of 1000 bootstrap samples representing the joint distribution of differences in mean direct medical costs (including intervention costs, excluding patient time, parking, and travel costs) and mean QALYs. The figure indicates that most estimates were consistent with a decrease in costs (89.9%) and an increase in QALYs (76.5%) and that 73.2% of the bootstrap replications were either associated with lower costs and increased QALYs or were associated with increased QALYs at or below the $50 000 per QALY threshold (upper right quadrant below the line for $50 000 per QALY). With a $100 000 per QALY threshold, 74.4% of the estimates would meet the cost-effectiveness criterion. When we included patient time, parking, and travel costs, 47.9% of the estimates were at or below the $50 000 per QALY threshold and 59.2% of the estimates were at or below the $100 000 per QALY threshold.
Discussion
During 2.5 years of follow-up, patients in both study groups incurred an average of more than $50 000 in direct medical costs, reflecting the high rates of interaction that patients with heart failure have with the health care system. More than half of the costs were attributable to inpatient care, and about one sixth were attributable to medications. Based on point estimates, mean unadjusted direct medical costs in the exercise training group were $4300 lower than in the usual care group. However, with patient time, travel, and parking costs, the cost difference disappeared and there was no statistically significant difference in costs between the groups.
Unlike the adjusted time-to-event analyses in the clinical study, which found a modest clinical benefit with exercise training, 5 our examination of the cumulative experience of patients revealed no significant group differences in rates of all-cause or heart failure hospitalizations. This finding reflects a different approach to examining clinical outcomes. Time-to-event analyses account for the benefit of delaying a first event, whereas cumulative event analyses do not consider the timing of events but account for all events during the follow-up period. Some trialists recommend routine reporting of the total number of events and the proportions of patients with first events and their timing. 18 Previous trials of heart failure therapies have also found more modest effects when examining all events rather than time-to-event end points. 19, 20 The estimates of cost and cost-effectiveness were also influenced by the difference in the number of patients who underwent high-cost inpatient procedures, particularly heart transplantations and LVAD and ICD implantations. The finding that significantly fewer patients in the exercise training group received an ICD during the study may be attributable to the larger number of patients in the exercise training group who had an ICD at baseline (42.3%) compared with the usual care group (38.2%, Pϭ0.05). Also, despite nonsignificant differences in the proportions of patients who underwent heart transplantation or LVAD placement, the high cost of hospitalization for these procedures (approximately $200 000 for heart transplantation and $225 000 for LVAD placement) accounted for approximately 20% of mean inpatient costs overall. When we excluded costs for these hospitalizations, mean inpatient costs were similar between the groups ($23 060 in the exercise training group and $23 169 in the usual care group). When we applied these costs in the cost-effectiveness analysis, the proportion of bootstrap replications consistent with increased QALYs at or below the $50 000 per QALY threshold decreased from approximately 73% in the primary analysis to 57%. Using a threshold of $100 000 per QALY, the proportion increased to 66%. These findings indicate that the cost-effectiveness of exercise training is relatively uncertain, given that approximately one third of the bootstrap samples were consistent with decreased QALYs or costs greater than $100 000 per QALY. In light of this information, decision makers should consider whether the lower incidence of high-cost procedures in the exercise training group would likely reoccur if this trial were conducted again. Such results could be due to chance, considering the high number of comparisons performed.
On the one hand, most measures of resource use were remarkably similar between the groups, indicating that it is unlikely that systematic benefits of exercise training influenced resource use for most patients. On the other hand, it is possible that exercise training attenuated the disease process in patients with more severe heart failure such that fewer end-stage procedures were necessary. A post hoc analysis revealed that among patients with baseline cardiopulmonary exercise duration of less than 10 minutes, patients in the exercise training group were less likely than patients in the usual care group to undergo heart transplantation or LVAD placement (2.6% versus 5.0%; Pϭ0.03) and incurred significantly lower direct medical costs ($58 846 versus $70 228; Pϭ0.03). Furthermore, despite the lack of a difference in hospital admissions, median inpatient costs were $2300 lower in the exercise training group. On average, hospital stays were 0.7 days shorter in the exercise training group (7.55 versus 6.86; Pϭ0. 15 ).
Many of the tests and procedures required by the study protocol would not necessarily be required for patients to undertake an exercise training program. Although there may be a relationship between protocol fidelity in the trial and the modest clinical and quality-of-life benefits observed, 4,5 clinicians may wish to consider ways to reduce costs associated with exercise training. For example, trainers could supervise more patients per exercise session. In our base-case analysis, we assumed that 1 trainer would oversee a mean of 1.7 patients per session. Although this may have been the case at the 9 sites that participated in the time survey, the representativeness of this estimate is unclear. If exercise training for patients with heart failure is integrated into existing cardiovascular rehabilitation programs, a 4:1 patient-to-trainer ratio may be appropriate, assuming there is no impact on patient outcomes or adherence. With this ratio, estimated costs for exercise training would be $293 and $454 per patient when applying salaries for exercise physiologists and nurses, respectively. Determining the optimal patient-to-trainer ratio to increase efficiency while maintaining adequate monitoring and adherence will be a critical factor in evaluations of exercise training from a payer's perspective.
HF-ACTION is relatively unique in considering the translation of trial results to clinical practice (ie, efficacy to effectiveness). Adherence in the trial was suboptimal, with approximately 30% or more of patients training at or above the target number of minutes per week, 5 despite a number of support structures in place and patients self-identifying for participation. Without such support systems, adherence levels probably would be lower, as would expenses for exercise training by payers. Another factor that may have influenced comparisons between treatment groups was a potential crossover effect resulting from patients exercising in the usual care group. Based on self-reported information collected quarterly during the first 2 years, between 22% and 28% of patients in the usual care group consistently reported some level of physical activity. Thus, it is clear that identifying or allowing for self-selection of individuals most likely to adhere to exercise training may be a key determination in its ultimate value, as exploratory evidence from the study indicates that adherence may be related to clinical outcomes.
Limitations
Although we believe the resource use and hospital billing data collected in this study are among the most comprehensive of any trial-based economic evaluation in heart failure, resource use data were only collected annually beyond the 24-month visit. Participants in HF-ACTION may also not be representative of the heart failure population as a whole. They were generally younger, had systolic dysfunction, and self-selected for participation. Finally, the multiple hypothesis tests of resource use and costs may have increased the probability of false-positive findings. Appropriate interpretation of the data requires consideration of the totality of the evidence presented.
Conclusion
Relative to the overall cost of heart failure to the health care system, costs associated with exercise training are small. However, in this economic evaluation, we found little systematic benefit in terms of overall medical resource use with this intervention.
